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Abstract 
In this study, the large break loss of coolant accident (LBLOCA) analysis model is established by 
TRACE/SNAP code and the LBLOCA analysis results are compared with the Maanshan FSAR data. The main 
structure of this model includes the pressure vessel, pressurizer, steam generators, and safety injection of 
ECCS. In summary, the analysis results by TRACE LBLOCA model are consistent with FSAR data. The TRACE 
LBLOCA model of Maanshan NPP can be used in future safety analysis with confidence. 
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1. Introduction 
TRACE (TRAC/RELAP Advanced Computational Engine), developed by the US NRC, is an advanced, 
best estimate reactor systems code for analyzing thermal-hydraulic behavior in light water reactors. One 
of the features of TRACE is its capacity to model the reactor vessel with 3-D geometry. It can support a 
more accurate and detailed safety analysis of nuclear power plants. TRACE has a greater simulation 
capability than the other old codes, especially for events like loss-of-coolant accident. Furthermore, a 
graphic user interface program, SNAP (Symbolic Nuclear Analysis Package), which is developed by 
Applied Programming Technology, Inc. for conveniently creating and editing the input decks.  
LBLOCA is considered the worst case scenario. Although a LBLOCA is considered very unlikely to 
happen, the safety systems must be designed to secure adequate cooling of the reactor core during the 
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accident to prevent the meltdown of the core. This research focused on the establishment of the TRACE 
LBLOCA model for Maanshan NPP and to analyze the LBLOCA. 
The Maanshan NPP operated by Taiwan Power Company has two Westinghouse PWR units, the only 
PWRs in Taiwan. The rated core thermal power is 2775 MW. The reactor coolant system (RCS) has three 
loops. In LBLOCA analysis, the “large break” is defined as a rupture in cold-leg with a total cross 
sectional area. The break was located in loop 1, which is one of the two loops that don’t have a 
pressurizer. The TRACE LBLOCA analysis results, which are applicable to both units, are then compared 
with the Maanshan Final Safety Analysis Report (FSAR) data. 
2. Case and assumptions 
The code versions adopted in this research are SNAP v2.0.3 and TRACE v5.0 p1. As described in 
Maanshan FSAR, the LBLOCA is defined as a rupture in loop 1 cold-leg with a total cross sectional area. 
The analysis of a large break LOCA is divided into three phases: blowdown, refill, and reflood. The 
reactor has been operating continuously at a power level at least 1.02 times the licensed power level. 
Since the loss of off-site power is assumed, the reactor coolant pumps are assumed to trip at the initiation 
of the accident. Table 1. shows the initial conditions in Maanshan LBLOCA TRACE model. 
Table 1.  The initial conditions in Maanshan TRACE LBLOCA model. 
 
Input Parameters Value 
Licensed core power (%) 102  
Vessel average temperature (K) 584.5 
Initial RCS pressure (MPa) 15.8 
Low pressurizer pressure reactor trip setpoint (MPa) 12.8 
Low pressurizer pressure SI setpoint (MPa) 11.8 
Safety injection delay time (sec) 27 
Accumulator water volume (m3/tank) 27.9 
Accumulator tank volume (m3/tank) 41.1 
Minimum accumulator gas pressure (MPa) 4.24 
Accumulator water temperature (K) 311 
Nominal RWST water temperature (K) 302.6 
3. Establishment of Maanshan TRACE LBLOCA model 
Fig. 1. shows the TRACE model of Maanshan NPP. It is a three-loop model, and each loop has a 
feedwater control system. The main structure of this model includes the pressure vessel, pressurizer, 
steam generators, steam piping at the secondary side, the steam dump system, accumulators, and safety 
injection of ECCS. The pressure vessels is divided into 12 levels in the axial direction, two rings in the 
radial direction (internal and external rings) and six equal azimuthally sectors in the “θ” direction. The 
control rod conduit connects the 12th and 7th layers of the vessel. The fuel region is between the third and 
sixth layers, and heat conductors were added onto these structures to simulate the reactor core. The details 
of TRACE LBLOCA model are described as below: 
3.1 Pressurizer and its control systems 
Since the pressurizer plays an important role in a PWR, the pressurizer model was established first and 
conformed against the plant data. The important internal components of pressurizer include the heater, the 
sprayer, power-operated relief valves, the safety valves and others. Refer to [2] for detailed modelling and 
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verification. In particular, Cheng [2] compared the pressurizer pressure and water level histories with 
those from startup tests and observed no appreciable differences. 
3.2 Steam generator with feedwater control system 
The establishment of the TRACE model of the steam generator was based on the TRACE user manual 
[3], and the INER’s report [4]. The steam generator of the Maanshan power plant is a Model F, vertical 
U-tube heat exchanger, with a total of 5624 U-tubes. The U-Tube in the primary side is separated into 18 
volumes. Their inputs were derived from real plant temperature and pressure time histories. Then, in the 
secondary side, the region of the boiler is separated into seven volumes; the region of the downcomer is 
separated into 13 volumes, and the region of the steam dome and the separator are separated into 13 
volumes. Plant data for feedwater flow and other input parameters derived from velocity, temperature and 
pressure were used to set the initial conditions. The feedwater flow was controlled by a three-element 
feedwater control system. The feedwater control system model was established according to the report of 
INER [4]. The main function of the feedwater control system is to maintain a fixed water level of the 
steam generator in the secondary side when it is operating normally.  
 
 
      
Fig. 1. The LBLOCA TRACE model of Maanshan NPP. 
3.3 Emergency core cooling system (ECCS) 
The ECCS is designed to prevent fuel cladding damage. The ECCS includes the accumulators, low 
head safety injection (LHSI), and high head safety injection (HHSI). The accumulators were simulated 
using PIPE components in Maanshan TRACE model. The total volume and height were 41m3 and 5.72m, 
respectively. The TRACE predicted ECC injection rates are in good agreement with the experiment data 
[5]. It shows the reasonable capability of TRACE in predicting the ECC bypass phenomenon during the 
cold leg ECC injection and the downcomer ECC injection [6].  
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3.4 Choked flow model 
Modelling choked flow at the break is essential for predicting a reasonable break flow in LBLOCA 
analysis. Since break flow is a primary influence on system pressure, and system pressure contributes to 
many of the important phenomena, the choked flow model should always be set at the break for the 
LOCA analysis. The choked flow model used in this study is compounded by two different models, 
which are subcooled liquid model, and two-phase model. For subcooled liquid model, TRACE applies a 
modified form of the Burnell model [7]. For the two-phase choked flow model, an extension of a model 
developed by Ransom and Trapp is used [8]. The TRACE model incorporates an additional inert gas 
component and nonequilibrium effects. The best value for the inserted coefficient is being 0.5 in this 
study. 
3.5 CCFL model  
Counter Current Flow Limitation (CCFL) is an important issue related to the safety analysis of PWRs. 
CCFL phenomenon determines the maximum velocity of the one phase relative to the other one when the 
velocity of neither of the two phases can increase further without flow regime change [9]. CCFL may 
occur in the downcomer, the upper core tie plate, the hot legs, the entrance of the steam generator inlet 
plenum, and the pressurizer surge line, where the flow direction or flow area changes. The CCFL 
correlations can be represented as Wallis type, Kutateladze type, and Bankoff type. In this study, the 
CCFL model used the Kutateladze type. Two correlation constants used are 1.24 and 1.5. 
4. Results  
Following the steady state initialization, the TRACE LBLOCA model of Maanshan NPP analysis 
results are compared with the Maanshan FSAR data. Table 2. presents the sequence of LBLOCA transient 
and the timings of events predicted by TRACE. Fig. 2.(a) plots the power curve that calculated from 
TRACE in the case of LBLOCA, and then compared with the FSAR data. In TRACE, the core power can 
be calculated using the built-in point kinetics model, and the power calculated includes decay heat. It 
displays that the power curve of TRACE approximately follows the trend of the FSAR data. Fig. 2.(b) 
compares the pressures of the vessel and suggests that the pressure calculated by TRACE is almost the 
same as those of FSAR data. Fig. 3.(a) compares the break mass flow rate of cold-leg in loop 1. It reveals 
that break mass flow rate predicted by TRACE agrees closely with the results of the FSAR data. Fig. 3.(b) 
shows the comparisons of accumulator mass flow rate of intact loops between TRACE model and FSAR 
data. It shows the accumulator mass flow rate of TRACE predicted approximately follows the trend of the 
FSAR data. Finally, the peak cladding temperature of TRACE calculated and FSAR data are 1358.8 K 
and 1383.7 K (Table 2.), both are lower than the 10 CFR 50.46 criteria. 
   
Table 2. The LBLOCA sequences of TRACE data and FSAR data. 
LBLOCA events FSAR data TRACE data 
Break began 
Reactor scram setpoint reached (12.8 MPa) 
SI signal generated (11.8 MPa) 
Accumulators injection (4.24 MPa) 
Start of pumped SI 
Accumulators empty 
Peak cladding temperature (PCT) 
0.0 sec 
0.50 sec 
1.4 sec 
15.0 sec 
28.4 sec 
52.1 sec 
1383.7 K 
0.0 sec 
0.50 sec 
1.5 sec 
14.2 sec 
28.5 sec 
59.5 sec 
1358.8 K 
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Fig. 2. The comparisons of power (a) and vessel pressure (b) between TRACE and FSAR data.  
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Fig. 3. The comparisons of break (a) and accumulator (b) mass flow rate between TRACE and FSAR data. 
5. Conclusions 
By using TRACE/SNAP, this study established the TRACE LBLOCA model of the Maanshan NPP. 
Analytical results indicate that the Maanshan NPP TRACE LBLOCA model predicts not only the 
behaviors of important plant parameters in consistent trends with the Maashan FSAR data, but also 
provides a greater margin for the PCT evaluation. The TRACE LBLOCA model of Maanshan NPP can 
be used in future safety analysis with confidence, such as the applications for different break size and 
other break locations in LOCA.  
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